Abstract The aim of this study was to analyse the complication rates of six different shoulder arthroplasty concepts for different diagnoses in the short and midterm. The study included 485 primary shoulder arthroplasties. The mean follow-up of the cohort was 3.5 (1-10) years. Complications were classified into three categories: (1) without reoperation, (2) soft tissue revision and (3) implant revision. In total, 56 complications were recorded (11.6%): 34 (7%) were category 1 complications, 11 (2.3%) were category 2 and 11 (2.3%) were category 3. For the whole cohort the median follow-up was 1.6 years (1-10 years) and the survival rate without any complication was 90.5% (95% CI: 87.9-93.1). Patients rated the result of their surgery in 270 (55.7%) cases as very satisfied, in 148 (30.5%) as satisfied, in 43 (8.9%) as somewhat disappointed and in 24 (4.9%) as disappointed. A relatively low complication rate was found in this study. Longterm observations are necessary to confirm these results.
Introduction
The number of shoulder arthroplasties performed in cases of primary and secondary degenerative joint disease and fractures of the proximal humerus has continually increased in the past [4] . In the last decade surgical techniques, treatment options and implant design have been refined [14] . Moreover, the mean age of patients undergoing shoulder arthroplasty is lower than those receiving total hip and knee arthroplasty [31, 35] . Concern has been expressed about the elevated complication rate in hip, knee and shoulder arthroplasty in younger patients [15, 21, 31, 32] . The knowledge of possible complication and survival rates and outcomes of different implants and treatment options for a specific type of surgery is fundamental for orthopaedic surgeons when offering their advice to patients before major joint replacements. In the current literature different complication rates for multiple shoulder implant concepts have been described in single studies but have rarely been specifically addressed [4, 35] . Therefore, the aim of this single-centre study was to analyse the complication rates of primary shoulder arthroplasties treated with six different implant concepts and diagnoses using a prospective database.
Materials and methods
Between April 1997 and December 2006, 571 primary and revision shoulder arthroplasties were performed at our institution. All patients were included in a prospective database. Of these, 535 shoulders in 497 patients received a primary shoulder arthroplasty; 50 patients (9.4%) were lost to follow-up. Therefore, 485 shoulders were included in our study. Eleven patients (2%) died from causes unrelated to the surgery during the follow-up period, but a follow-up examination (minimum of one year after arthroplasty) was available in all cases. The study was reviewed by the local Ethics Committee and written consent was obtained from all patients before surgery. Inclusion criteria were: (1) all patients treated with a primary shoulder arthroplasty at our institution during the above-mentioned time period and (2) a minimum follow-up of one year. There were 352 women and 133 men. The dominant shoulder was involved in 325 cases. The mean age at the time of arthroplasty was 67 years (range: 20-96 years).
The mean follow-up of the whole cohort was 3.5 years (range: 1-10 years; median: 1.6 years); 212 shoulders were followed up for one to two years, 150 were followed for two to five years and 123 were followed for five to 11 years.
Six different types of implants were used. Table 1 shows the assignment of implants and diagnoses. There were 104 previous surgical procedures on the affected shoulders. Thirty-two shoulders had more than one procedure.
The subjective result after surgery was rated in categories of "very satisfied", "satisfied", "somewhat disappointed" or "very disappointed".
Operative technique and implants
In most cases a deltopectoral approach was used as described by Neer. For cases treated with a reversed implant, a superior approach was used.
For hemiarthroplasty and total shoulder arthroplasty a third-generation humeral component with a modular stem, eccentric heads and variable head inclination was used (Aequalis® Shoulder and Aequalis® Total Shoulder, Tornier, St. Ismier Cedex, France). In all but 11 cases the humeral component was cemented. All glenoid components (Aequalis® Total Shoulder) were cemented. In 137 cases a concave keeled glenoid and in 40 cases a flat-back glenoid was used.
For humeral head resurfacing the Copeland Shoulder was used in 29 cases (Biomet Europe, Dordrecht, The Netherlands) and in 45 cases the Epoca RH® Cup (Argomedical, Cham, Switzerland) was used.
A third-generation fracture implant (Aequalis® Fracture Shoulder, Tornier, St. Ismier Cedex, France) was used. In all cases the stem was cemented and combined with eccentric heads.
The humeral stem of the reversed implant (Aequalis® Reversed Shoulder, Tornier, St. Ismier Cedex, France) was cemented in all cases. The glenoid component had a pressfit design and was fixed with four screws.
The stem of the Bipolar implant (Bio-Modular Shoulder, Biomet Europe, Dordrecht, The Netherlands) was cemented in all cases.
Classification of complications
All intra-and postoperative complications were recorded in the prospective database. The number and severity of complications were reviewed and classified using the following three categories: OA osteoarthritis, PA post-traumatic arthritis, CTA cuff tear arthropathy, AVN avascular necrosis, RA rheumatoid arthritis
Ethics
The study protocol was approved by the Ethics Committee of the local university (number S-305/2007) and informed consent was obtained from all patients included.
Results
In total, 56 complications in 485 shoulder arthroplasties were recorded (11.6%). Of these, 34 (7%) were category 1 complications, 11 (2.3%) were category 2 and 11 (2.3%) were category 3. The types and severity of the complications are shown in Table 2 . The overall complication rates for each implant concept and each diagnosis are illustrated in Table 3 . Survival rates of the whole cohort and for each diagnosis (n=485) are shown in Table 4 . The highest survival rate of 92.7% with a median follow-up of 1.75 years (range: 1-10 years) was found for the osteoarthritis cohort. The lowest survival rate of 79.2% with a median follow-up of 1.1 years (range: 1-10 years) was found for the rheumatoid arthritis cohort. Kaplan-Meier survival curves are shown for patients with osteoarthritis and for the humeral head fractures (Figs. 1 and 2)
In the following the survival rates of the whole cohort (n=485) and for each implant concept are shown.
Whole cohort
For the whole cohort the median follow-up was 1.6 (range: 1-10) years and the survival rate without any complication was 90.5% (CI: 87.9-93.1%). Survival without category 1 complication was 93.9% (median follow-up=1.8 years, range: 1-10 years, CI:=91.8-96%), survival without category 2 complication was 97.9% (median follow-up=1.9 years, range: 1-10 years, CI: 84.1-111.7%) and for category 3 complication 98.1% (median follow-up=1.9 years, range: 1-10 years, CI: 84.3-111.9%). Figure 3 shows the Kaplan-Meier survival curve for all implant concepts. Figure 4 shows the Kaplan-Meier survival curve for this implant concept. In 129 (72.9%) cases a very satisfying result, in 36 (20.4%) a satisfying result, in eight (4.5%) a somewhat disappointing result and in four (2.3%) a very disappointing result was reported.
Hemiarthroplasty
For hemiarthroplasty the median follow-up was 1.8 years and the survival rate for all complications was 89.1% (range=1-10 years, CI: 82.9-95.3%). Survival without category 1 complication was 92.2% (median follow-up= 1.9 years, range: 1-10 years, CI: 87-97.4%), survival without category 2 complication was 99% (median followup=2.2 years, range: 1-10 years, CI: 80-118%) and survival without category 3 complication was 97.8% (median follow-up=2.2 years, range: 1-10 years, CI: 94.6-101%). Figure 5 shows the Kaplan-Meier survival curve for this implant concept. In 46 (45.5%) cases a very satisfying result, in 32 (31.7%) a satisfying result, in 14 (13.9%) a somewhat disappointing result and in nine (8.9%) a very disappointing result was stated.
Resurfacing arthroplasty
For resurfacing arthroplasty the median follow-up was 1.7 years and the survival rate for all complications was 84.3% (range=1-7 years, CI: 74.9-93.7.4%). Survival without category 1 complication´was 96.1% (median follow-up=1.7 years, range: 1-7 years, CI: 91.7-100.5%), survival without category 2 complication was 94.9% (median follow-up=1.7 years, range: 1-7 years, CI: 88.9-100.9%) and survival without category 3 complication was 93% (median follow-up=1.8 years, range: 1-7 years, CI: 86-100%).
In 34 (45.9%) cases a very satisfying result, in 29 (39.2%) a satisfying result, in four (5.4%) a somewhat disappointing result and in seven (9.5%) a very disappointing result was reported.
Reversed implant
For the reversed implant the median follow-up was 1.3 years and the survival rate for all complications was 88.6% (range=1-7.5 years, CI: 79.8-97.4%). Survival without category 1 complication was 94.1% (median follow-up= 1.5 years, range: 1-7.5 years, CI: 87.5-100.7%), survival without category 2 complication was 96.3% (median follow-up = 1.3 years, range: 1-7.5 years, CI: 91.1-101.5%) and survival without category 3 complication was 98.1% (median follow-up = 1.5 years, range: 1-7.5 years, CI: 94.5-101.7%).
In 31 (63.3%) cases a very satisfying result, in 14 (28.6%) a satisfying result, in three (6.1%) a somewhat disappointing result and in one (2%) a very disappointing result was stated.
Bipolar implant
For the bipolar implant the median follow-up was 1.3 years and the survival rate for all complications was 93.8% (range=1-4.5 years, CI: 81.8-105.8%). Survival without category 1 complication was 93.8% (median follow-up= 1.3 years, range: 1-4.5 years, CI: 81.8-105.8%), survival without category 2 complication was 100% (median follow-up=1.3 years, range: 1-4.5 years) and survival without category 3 complication was 100% (median follow-up=1.2 years, range: 1-4.5 years).
In five (35.7%) cases a very satisfying result, in seven (50%) a satisfying result and in two (14.3%) a somewhat disappointing result was reported.
Fracture implant
For the fracture implant the median follow-up was one year and the survival rate for all complications was 94.2% (range=1-8.5 years, CI: 88.4-100%). Survival without category 1 complication was 95.6% (median follow-up= one year, range: 1-8.5 years, CI: 90.4-100.8%), survival without category 2 complication was 98.5% (median follow-up = 1.1 years, range: 1-8.5 years, CI: 95.5-101.5%) and survival without category 3 complication was 97.7% (median follow-up = 1.1 years, range: 1-8.5 years, CI: 93.2-102.3%).
In 24 (34.3%) cases a very satisfying result, in 30 (42.9%) a satisfying result, in 12 (17.1%) a somewhat disappointing result and in four (5.7%) a very disappointing result was reported.
Discussion
Complication and survival rates following shoulder arthroplasty were described in some studies but have rarely been addressed specifically. Moreover, there is a lack of standardised methodology for classification of types and severity of complications in shoulder arthroplasty [35] . The different complication rates described in the literature can relate to different initial diagnoses, surgical techniques, surgeons' experience, implants and classification systems. Therefore, we introduced a system of three complication categories that can easily be applied to other cohorts and can be used as a standardised routine for the presentation of complications in shoulder arthroplasty. The overall complication rate in this study was 11.6%. These results seem to be comparable to other reported complication rates after shoulder arthroplasty [4, 9] .
However, all events were rated as a complication. Most complications were intraoperative findings or events that were treated during the index surgery or did not require revision (7%; category 1). Revision for a complication was required in 4.6%, with all soft tissue and implant revisions included (category 2-3).
With regard to the diagnoses included, the best survival rates were found for the osteoarthritis and osteonecrosis cohort (Table 4) . These results seem to be difficult to interpret as for each diagnosis different implant concepts were used (Table 1) . However, these data may be used as a basis for decision making by orthopaedic surgeons in shoulder replacement surgery.
For total shoulder arthroplasty (TSA), the number of reported complications has decreased tremendously in recent decades [9] . In a meta-analysis of Bohsali et al. the most common complication in TSA was component loosening [4] . In 2,540 shoulders a percentage of glenoid component loosening of 5.3% and humeral component loosening of 1.1% at 5.3 years was stated. The second most common complication was instability of the glenohumeral joint (4.9%) followed by periprosthetic fractures (1.8%; intraoperative 1.1%, postoperative 0.7%), rotator cuff tears (1.3%), neural injuries (0.8%) and infections (0.7%). Surprisingly, for TSA no revision for component loosening was found in our cohort. One reason for these results may be the short mean follow-up. The most common complications in our TSA group (n=197) were humeral fractures (3%; intra-and postoperative 1.5%, respectively) followed by nerve palsy (2.6%), dislocation and rotator cuff tears (1.5%, respectively), infections and contracted soft tissues (0.5%, respectively; Table 2 ). These results seem to be comparable to the literature. The total number of complications in our TSA cohort was 10.4% and only category 1 and 2 complications were found without necessity for implant revision.
The results of hemiarthroplasty are inferior compared to TSA with regard to pain relief, motion and activity [11, 12, 23, 26] . However, many surgeons are concerned about using glenoid components especially in cases of preoperative irreparable rotator cuff tears, glenoid wear or young patients with respect to the survival of the component [8, 15, 31] . In a long-term study of Rispoli et al. significant pain relief and joint mobility were found, but also a high number of revisions was reported [27] . Of 60 patients, ten (17%) underwent revision surgery, 90% of these for postoperative glenoid wear [27] . In our cohort implant revision of a hemiarthroplasty was necessary in three cases. Only one shoulder was revised for postoperative glenoid wear ( Table 2 ). The most common complications were nerve palsies (2.9%) followed by acute intraoperative bleeding and revision for technical error (1.9%, respectively; Table 2 ).
Cementless humeral head resurfacing is a bonepreserving treatment option for different diseases of the shoulder joint and later conversion to a conventional hemiarthroplasty or TSA is possible [17, 18, 24, 25] . Short surgery time as well as minimal bone and blood loss are the main advantages [22] . In the study of Bailie et al. a complication rate of 16.7% was reported using resurfacing arthroplasty [2] . The rates in other studies seem to be comparable and vary between 3% and 20% without resurfacing the glenoid [17] [18] [19] 24] . In contrast to the above-mentioned studies, we found a relatively high number of postoperative glenoid erosions (5.2%) and total number of complications (13%). The number of implant revisions was higher than in the cohort treated with a reversed implant (5.2 vs 3.7%). One reason for these findings might be the high number of post-traumatic osteoarthritis and cuff tear arthropathies in our series ( Table 1) .
The numbers of complications stated for fracture hemiarthroplasty vary between 5% and 64% [5, 13, 28, 30] . Nonhomogenous inclusion criteria of tuberosity-related problems such as non-union may explain these divergent results. Tuberosity non-union was not categorised as a complication in this study. This may explain the relatively low complication rate for this implant concept used for humeral head fractures in this study (8.6%).
The main indications for reversed implants are rotator cuff tear arthropathies, revision arthroplasties without an intact rotator cuff tear, fractures and other less common pathological conditions. Reoperation rates for reverse arthroplasty in cases of cuff tear arthropathies are described in up to 18% of cases [16, 33, 34] . In cases of revisions and fractures, high reoperation rates were reported [6, 33, 34] .
Dislocation and implant loosening are often described in the literature [20, 33] . In our cohort, implant dislocation leading to revision surgery was the most common complication (n=4; 8.2%). The rate of satisfaction with reverse shoulder arthroplasty was highest (>90%) in our cohort.
There is little information available about the outcome and complication rates in bipolar shoulder arthroplasty. End-stage rheumatoid arthritis and cuff tear arthropathy are the most common indications for the bipolar implant [3, 7, 10] . However, satisfying results have been described by Sarris et al. in patients with cuff tear arthropathy [29] . We used bipolar implants in cases of insufficient glenoid bone stock as a second line of defence implant. The complication rates described in the literature vary between 0 and 23% [1, 10, 36] .
In conclusion, shoulder arthroplasty is a very successful operation with an acceptable rate of complications in the short and midterm.
